Background: To investigate the use of fused positron emission tomography/computed tomography (PET/CT) compared to contrast-enhanced computed tomography (CECT) in the follow-up of treated gastric malignancies, all data were collected and analyzed retrospectively, enrolling 68 patients (18 females and 50 males) (their age range = 34-73 years). The patients had been referred to a private imaging center for their assessment by PET/CT. Results: Adenocarcinoma was present in 73.5%, lymphoma was present in 23.5%, and malignant carcinoid was found in 3% of cases. All patients had received at least one treatment method including endoscopic/surgical resection, chemotherapy, and radiotherapy. By PET/CT, gastric recurrence/residual was depicted in 30 patients (47.0%) compared 46 patients (67.5%) as detected by CECT, and this was statistically significant (P value = 0.006), nodal metastasis was present in 18 patients (26.5%) compared to 26 patients (38%) as detected by CECT (P value = 0.143), and distant metastasis was present in 18 patients (26.5%) compared to 24 patients (35%) as depicted by CECT (P value = 0.265). Conclusion: PET/CT offered a useful diagnostic modality as compared to CECT for follow-up evaluation of cases with treated gastric malignancies through a precise detection of the gastric lesions but it had rather comparable results in the detection of nodal and distant metastases.
Background
Gastric neoplasms are classified according to their cell of origin into epithelial and non-epithelial tumors; each of them could be further subdivided into benign and malignant lesions. Malignant lesions may be primary lesions that arise from the gastric tissues or secondary lesions which arise from other organs and then extend to the stomach [1] .
Gastric carcinoma is a malignant epithelial lesion that has a wide distribution and is considered as the fourth most common cancer worldwide and the third common gastrointestinal cancer after colonic and pancreatic cancers. It has also a high mortality rate being second to the bronchogenic carcinoma [2] .
Surgical resections of gastric cancers and adjacent lymphadenectomy are considered as the curative treatment of choice for early gastric cancers [2, 3] . However, a wide spectrum of treatment options is currently present, starting from the endoscopic resection of certain mucosal lesions to the extended radical resections in advanced cancers, in addition to chemotherapy and/ or radiotherapy which are considered either as adjuvant therapies for surgery and endoscopy or may be the sole treatment options for certain types of malignancies and for surgically unfit patients [2, 3] .
Gastric lymphoma is an example of non-epithelial tumors and represents 3% of all gastric malignancies; it can be subdivided histopathologically into a non-Hodgkin's type which is-by far-considered more common than the Hodgkin's type [1] .
Multi-slice computed tomography (MSCT) with its multiplanar capabilities, optimal contrast enhancement, and the recent advances in its technology regarding thin sections acquisition had greatly helped in early tumor detection and staging; however, CT has some limitations regarding the demonstration of the small metastatic lymph glands and the peritoneal seeding as well as the small blood-borne distant metastasis [3] .
Positron emission tomography (PET) with 2-[fluorine-18] fluoro-2-deoxy-d-glucose (FDG) (FDG PET) had been recently introduced as a part of the imaging workup in oncology through scanning a larger volume than the usual CT and demonstrating the metabolically active distant metastasis, the peritoneal metastasis, and the normal-sized but affected lymph glands; moreover, it is also considered a valuable imaging tool in the followup of the therapeutic response in the patients who had received chemotherapy [3] .
The hybrid imaging technology had emerged with the combined use of the CT and PET (PET/CT) had also added great value in the preoperative tumor staging and in the follow-up of the therapeutic response in the treated patients, nevertheless, in the detection of tumor recurrences and residuals [3, 4] .
Aim of work
The aim is to investigate the use of fused positron emission tomography/computed tomography (PET/CT) compared to CECT in the follow-up assessment of the patients with treated gastric malignancy.
Methods
All data were collected and analyzed retrospectively, enrolling 68 patients in the period from November 2017 till December 2018; they were cases of treated gastric malignancies. The patients had been referred to a private imaging center for their assessment by PET/CT and evaluation of their treatment response.
The patients' ages ranged from 34 to 73 years with a mean age of 58.03 ± 10.37 years. They were 18 females (26.5% of cases) and 50 males (73.5% of cases) (Tables 1  and 2) .
Inclusion criteria: The study included all cases of gastric malignancies that had a curative (surgical or endoscopic) resection, chemotherapy, radiotherapy, or any combination of them.
Exclusion criteria: patients who had been pathologically proven to have a benign gastric neoplasm and those who had gastric malignancy but had not received any treatment were also excluded from the study.
The protocol was reviewed and approved by the local ethics committee
Imaging technique Methods
All patients were fasting for 6 h prior to the examination. They were well-hydrated by an oral route. Blood sugar levels were measured and found within the normal levels in all cases before the study. A maximum sugar level that was accepted for [fluorine-18] fluoro-2-deoxy-d-glucose (FDG) injection was 150 mg/dl. 0.22 mCi/kg (18F-FDG) were injected and then the patients were rested for three-fourth of an hour in a relaxed position which was considered as an uptake period. High-quality PET/CT system with multi-detector (16 detectors) CT scanner (GE, Discovery IQ, USA) was used in scanning of the patients. First low-dose non-contrast CT images were obtained for attenuation correction and for fusion images. PET scans were extending from the midface to the upper thighs. Serum creatinine level was measured routinely in all patients before contrast administration for the CECT examination. Routine contrast-enhanced helical CT axial images of the brain, neck, chest, abdomen, and pelvis at 2 mm intervals following an intravenous injection of nonionic contrast material was acquired in all patients after they had finished their PET/CT examination. The whole acquisition time for an integrated PET/ CT scan was about half an hour.
Data analysis and interpretation
Special workstations were used in the reconstruction of PET image data sets using the CT data for attenuation correction and co-registered multiplanar images were displayed using special software. The CT, PET, and fused PET/CT images were interpreted by an experienced radiologist (4 years of experience in PET/CT imaging) through a visual assessment considering the liver as an internal reference and by semi-quantitative evaluation via measuring the standardized uptake value (SUV). Follow-up (clinical and radiological) served as the reference standard for all patients in the study. SUV was calculated automatically by software through a dedicated workstation.
Interpretation of the CE CT findings
The detection of gastric soft-tissue masses or mural thickening with or without surrounding tissue infiltration was considered as malignant.
The lymph node assessment used a size-based threshold of 1.0 cm (short axis) for malignancy. Furthermore, lymph nodes with a preserved fatty hilum or with calcifications were regarded as benign, whereas central necrosis was considered as malignant.
The hypodense hepatic focal lesions either with or without marginal contrast enhancement were considered as malignant lesions. Any non-calcified pulmonary nodule was considered as a malignant while the calcified pulmonary nodules were considered as benign nodules.
Interpretation of the PET/CT findings
The gastric mural thickening or masses were considered as positive if their uptake was seen exceeding the background activity The hepatic focal lesions were considered as positive if their uptake was higher than or equal to that of the rest of the hepatic parenchyma and, essentially, was considered as negative lesions if their uptake was lower than that of the rest of the hepatic parenchyma.
The lung nodules that were seen having a size of 5 mm were considered as positive if FDG uptake was greater than the mediastinal blood pool; however, a metastatic infiltration could not be excluded in the lung nodules that were < 0.5 cm.
If there was a manifest multifocal FDG avidity in the bone marrow, the patients were considered as PET/ CT positive; nevertheless, the diffuse uptake pattern in reactive bone marrow hyperplasia following chemotherapy can mimic or mask a diffuse bone marrow involvement; therefore, an appropriate history taking was critical and might be problemsolving in such situations. A delay of 3-4 weeks after completion of therapy could permit the physiologic marrow activity to diminish. The peritoneal nodules or masses were considered positive if their uptake was more than the background activity
Statistical methods
Data management and analysis were performed using the Statistical Package for Social Sciences (SPSS) vs. 23. Numerical data were summarized using means, standard deviations, and ranges, as appropriate. Categorical data were summarized as numbers and percentages. For comparing categorical data, chi-squared (χ 2 ) test was performed. Exact test was used instead when the expected frequency is less than 5 [5] P values less than 0.05 were considered as statistically significant.
Results
Sixty-eight patients were retrospectively enrolled in the current study (50 males and 18 females). Adenocarcinoma was the histopathologic tumor type that was present in 50 patients (73.5%), lymphoma was found in 16 patients (23.5%), and malignant carcinoid was depicted in two patients (3%) ( Tables 2 and 3 ). All patients had received at least one treatment method or a combination of more than one. The treatment options include endoscopic or surgical resection, chemotherapy, and radiotherapy (Table 4) .
Tumor recurrence was categorized as gastric recurrence/residual, nodal metastasis, and distant metastasis ( Table 5) .
By PET/CT, gastric recurrence/residual was depicted in 30 patients (44.0%) compared to 46 patients (67.5%) as detected by CECT, and this was statistically significant (P value = 0.006). Nodal metastasis was present in 18 patients (26.5%) compared to 26 patients (38%) as detected by CECT (P value = 0.143), and distant metastasis was present in 18 patients (26.5%) compared to 24 patients (35%) as depicted by CECT (P value = 0.265) (Tables 5 and 6); thus, neither nodal nor distant metastasis had a statistical significance as the P value for each of them was > 0.05.
Discussion
Gastric cancer has a worldwide distribution and is considered as the fourth common cancer worldwide especially in Asians. It has a high mortality rate notably in late and advanced cases; thus, an early detection and tumor staging with proper intervention performance can carry a potential curability [2] [3] [4] . Due to its availability and its relatively low cost, CT had been widely used in the evaluation of recurrences in gastric cancers; however, its role is limited to detect the suspected gastric recurrences and is often unable to differentiate a true tumor recurrence from the morphological changes that may follow the treatment interventions like operative bed scarring [3] .
It worth mentioning that CT depends mainly on the size assessment for evaluation of the tumor response to therapy, and from a practical point of view, this is not accurate and is not feasible in many gastric tumors as most of them are not measurable [3] .
Positron emission tomography (FDG PET) had been proven as a useful diagnostic tool for the precise detection of tumor respectability and in the detection of distant hematogenous deposits, but unfortunately, it is lacking the anatomical details that made its use limited in the locoregional staging [6] .
FDG PET/CT had offered an accurate diagnostic tool in the primary diagnosis of gastrointestinal malignancies and in the recurrent status as compared to the conventional diagnostic tools [2] .
In the current study, we were concerned with the detection of recurrences in the gastric neoplasm in the treated cases in addition to the nodal and distant metastases through a comparative correlation between the image findings of both PET/CT and CECT.
Gastric residual/recurrence as detected by PET/CT in our study was found in 30 patients (44%) of all cases, based on the metabolic activity that was seen in the lesions; this was statistically significant (P value = 0.006) as compared to the results of the CECT where the gastric residual/recurrence was found in 46 patients (67.5%) ( Tables 5 and 6 Operative and/or endoscopic intervention in addition to chemotherapy and radiotherapy 8 patients 11.7%
Operative and/or endoscopy in addition to chemotherapy 6 patients 8.8%
Chemotherapy and radiotherapy 2 patients 2.9% carcinoma and in evaluation of the gastric recurrences [2, 4] ; this difference could be explained by the difference in the sample size as our study was enrolling a relatively larger number of patients (68 patients) compared to their studies that were enrolling 20 and 52 patients respectively; however, Sim et al. had warranted further studies to validate the role of PET/CT in gastric cancer recurrences [4] .
Our study was greatly matching Bilici et al. study who had reported superiority of PET/CT compared to the diagnostic CT for the follow-up of the treated gastric cancers and in the detection of tumor recurrences [7] . A Table 6 Patterns of tumor recurrence/residual, lymph nodes, and distant metastasis in the study by PET/CT in comparison to CECT with their number (No.), percentage (%), and the estimated P value for each pattern by both modalities high sensitivity reaching 80% had been described in the literature for detection of the tumor recurrences by PET/CT in gastric cancers as compared to the standard post-contrast CT examinations [2, 8, 9] . Despite having a bad prognosis; tumor recurrences should be carefully evaluated as the early identification of small recurrent masses in the presence of minimal adenopathy could have a better response to chemotherapy or radiotherapy [3] .
A good point that could explain why is the PET/CT considered as a superior surveillance diagnostic modality for evaluation of post-therapy gastric malignancies when compared to the CECT is that the former has the ability of detecting the metabolic activity inside the true lesions where the glucose metabolism is elevated but is significantly lower in the postoperative scarring; thus, the use of the PET/CT could be of value in differentiating the two conditions and helping for the clinical decisionmaking process to be accomplished [3, 7, 10] .
Tirumani et al. had reported excellent results for PET/ CT in the initial assessment of lymphoma and is considered as a more accurate modality for detection of recurrence/residual lesions than the standard anatomical imaging modalities [11] .
Nodal metastasis is another important factor in the prognosis of gastric cancers. PET/CT can detect the metabolic activity of the lymph glands and not only the anatomical details that are given by the conventional CT [2] .
In our study, the nodal metastasis was found by PET/ CT in 18 patients (26.5%) compared to 26 patients (38%) that were detected by CECT; however, this was statistically insignificant (P value = 0.143) (Tables 5 and 6) ( Figs. 3, 5, and 6 ). This was matching with many studies in the literature and eventually some considered that CECT is more sensitive in detection of metastatic lymph nodes than the PET/CT; however, the role of the PET/ CT in the detection of the metabolic activity of normalsized and mildly enlarged lymph glands has to be considered in this comparison. Moreover, the absence of the metabolic activity in enlarged but tumor-free lymph glands may beneficial in the evaluation of the therapeutic response to chemotherapy and to radiotherapy and sometimes, the detection of metabolically active distant nodal metastasis (like cervical or mediastinal nodes) may preclude unnecessary surgical interventions [2] [3] [4] ; in other words, CECT can give better anatomical details and perfect localization of the nodal metastasis in addition to the pattern of enhancement and the presence of necrosis with high spatial resolution, but the metabolic activity of the malignant nodes could be better assessed by PET/CT, especially the nodes that are not or mildly enlarged. However, the high cost of the PET/CT in comparison to its benefit in the assessment of the nodal metastasis should be carefully weighed when a diagnostic modality is to be chosen.
Distant metastasis including the solid organ hematogenous metastasis and the peritoneal seeding was found in 18 patients (26.5%) by PET/CT in our study compared to 24 patients (35%) that were detected by CECT; this was also considered statistically insignificant (P value = 0.265) (Tables 5 and 6) ( Figs. 1, 2, 3, 4 , 5, and 6). In agreement with Gore and Miller et al.'s studies, the hepatic metastasis (portal vein born metastasis) [12, 13] was dominating in our study being found in 16 patients (23.5%) form a total of 18 patients with distant metastasis (Figs. 1, 2, and 3) . [3, 14, 15] . However, Gedik et al. had found a higher specificity for PET/CT in the detection of the distant metastasis than the CECT in patients with metastatic gastric carcinoma but in concordance with our study, and they reported that the difference could not be considered as statistically significant (P > 0.05, McNemar's test) [2] .
There is a trend in the literature of the low sensitivity of PET/CT in relation to the CECT in the detection of the peritoneal seeding [2] [3] [4] ; however, in our study, the peritoneal seeding was seen in six patients (8.8%) ( Fig. 5) . Nevertheless, the presence of the peritoneal seeding may be considered as a sign of advanced disease and may imply incurability and often carry a bad prognosis; however, some studies had shown that the peritoneal seeding is usually detected intraoperative and may be overlooked or under detected by the CT [3] .
CECT can show ascites in cases of peritoneal metastasis, and this was seen in two of our cases (2.9%) ( Fig. 6 ). Other CECT findings include focal nodular thickening of the peritoneal fat, thickening and enhancing parietal peritoneum, and distorted small bowel walls. In PET/ CT, two patterns are recognized, the first one is a diffuse even uptake delineating the visceral surfaces in the abdominal and pelvic cavities and the second one is scattered focal nodules that are randomly distributed in the abdominal and pelvic cavities [3] , the latter was identified in our study (Fig. 6) .
In our study, two patients had small pulmonary nodules as detected by CECT; however, their sizes were too small to demonstrate FDG uptake by PET/CT (beyond the PET resolution). On the other hand, one of our cases with lymphoma and had a gastric recurrence and mediastinal nodes metastases is detected by both CECT and PET/CT. There was an additional finding-not identified by the CECT-that was added by the PET/CT which was the osseous deposits affecting both iliac blades ( Fig. 6 ), denoting the presence of blood-borne bone metastasis, and consequently, this may imply a different treatment decision. A lower survival rate had been reported in the patients who had high SUV values (FDG avidity) either in their recurrent primary tumor or in the distant metastatic lesions as compared to those who had lower SUV values. However, the mucinous and the signet ring cell carcinomas (both are reported as aggressive types of tumors) may typically present a low FDG uptake; thus, a low FDG uptake does not necessarily mean a better prognosis [16] . It was also reported that a negative PET scan after a curative surgical treatment with curative intent was significantly associated with a longer survival rate [17] .
There were some limitations in our study including the following: the first one was its retrospective nature with a relatively small sample size. The second one was the lacking data about the size of the primary tumor and the histopathological confirmation of the recurrent gastric lesions and nodal and distant metastatic deposits.
Despite these limitations, our study had provided a significant role of PET/CT as postoperative surveillance and in the decision-making regarding the gastric recurrence/residual lesions. However, further prospective studies with a larger sample size are warranted and a gold standard reference like the histopathology examination of the recurrent and the metastatic lesions should be included for the accuracy measures.
Conclusion
PET/CT offered a useful diagnostic modality as compared to CECT for follow-up evaluation of the cases with treated gastric malignancies through a precise detection of the gastric lesions, but it had rather comparable results in the detection of nodal and distant metastases. 
